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Abstract 
MTBE or Methyl Tertiary Butyl Ether is an organic compound, which is used to increase the gasoline Octane Number. At the 

beginning of 80’s, by discovering the undesirable effects of tetra ethyl lead usage in fuel, MTBE started to be used worldwide. But 

gradually the undesirable effects of MTBE on environment had been revealed. 

 

There are many technologies for MTBE removal from polluted water. Adsorption is the most conventional and economical 

technology. In this research, some experiments have been done for studying the adsorption of MTBE on different solid adsorbent in 

batch process. In these experiments a fixed amount of adsorbents including Granular Activated Carbon (GAC), Powdered Activated 

Carbon (PAC) and the Husk Rice Carbon (HRC) have been put in different one litter covered vessels containing water polluted with 

known initial MTBE concentration and stirring them. By measuring MTBE concentration in the vessel at different times the effect of 

different operating parameters such as temperature and pH have been studied on adsorption and optimum condition have been 

determined. The batch experimental results have been used to calculate the constant parameters of Freundlich and Langmuir 

adsorption isotherm equations for these systems. 
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1. INTRODUCTION 

MTBE or Methyl Tertiary Butyl Ether (C5H12O) is an 

organic compound with oxygen in its chemical structure 

which is colorless, flammable and combustible in normal 

pressure and temperature. With molar mass of 88.15 gr/mol its 

melting point is -9 C° and boiling point is 55.2 C°. With 

density of 0.758, MTBE has a high solubility in water [1]. 

MTBE can be used to increase the Octane Number of 

gasoline. At the beginning of 80’s, by discovering the 

undesirable effects of tetra ethyl lead usage in fuel, MTBE 

started to be used worldwide. Nowadays MTBE forms about 

15% of total fuel volume [2]. Gradually the undesirable effects 

of MTBE on environment had been revealed. MTBE leakage 

into soil, surface water or groundwater can pollute them and 

therefore make them unusable for farming activities or 

domestic demands. 

 

There are many technologies for MTBE removal from 

polluted water [3, 4, 5, 6, 7 and 8]. Adsorption is the most 

conventional and economical technology [9] and would be 

discussed in this paper. Adsorption is a unit operation in which 

soluble components come out from solvent by an interphase 

mass transfer and transferred into surface of adsorbent [10]. 

Activated carbon adsorption has been widely considered as a 

potential treatment for removing organic matters from 

wastewater as it has a strong affinity for adsorption of organic 

substances even at low concentration [11, 12]. 

 

2. MATERIAL AND METHODS 

In order to find the optimal conditions for adsorption of 

MTBE on any one of the adsorbents, some experiments have 

been carried out in an experimental setup as shown in figure 1. 

In each run, 1 liter of water polluted with MTBE with a certain 

initial concentration is poured in 5 capped glass containers and 

the pH value in each container is adjusted at the decided level 

by adding sulfuric acid or sodium hydroxide and the 

temperature is adjusted by a hot plate heater. A certain weight 

of the adsorbent is poured into every five containers and the 

solution is stirred by a magnetic stirrer (manufactured by 

Cenco Company under serial No. 34518). For obtaining the 

optimal pH, the experiments are carried out simultaneously 

and at the same temperature for all five containers. Samples 

are taken in certain time intervals from all five containers. The 

optimal pH value for adsorption of each one of the adsorbents 

used in this study can be obtained by determining the 

concentration of MTBE in the samples and plotting the value 

of C/C0 with time. After obtaining the optimal pH value, the 

experiments continue to find the optimal temperature. A 
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certain weight of the adsorbent is put in the capped glass 

container and then 1 liter of water polluted by MTBE with the 

predetermined initial concentration and the optimal pH 

obtained in the previous stage is added to it. When the 

temperature of the solution reaches the desirable level samples 

are taken from the solution in certain time intervals and the 

concentration of MTBE in the samples is determined. This 

experiment is carried out in 5 various temperatures. The 

optimal temperature for the adsorption of MTBE by any one 

of the adsorbents is obtained by analyzing the collected data. 

Each experiment is repeated at least three times and the 

average of the results are reported. 

 

 
 

Fig1- Experimental setup used for batch experiments 

 

3. RESULTS 

3.1 Determination of Optimal pH Value 

Charts 1, 2 and 3 show the variation of C/C0 with time for the 

pH range of 5 to 9 for GAC, PAC and HRC, respectively.  

 

 
 

Chart1- Variation of C/C0 ratio with time for GAC at various 

pH 

 

 
 

Chart2- Variation of C/C0 ratio with time for PAC at various pH 

 

 
 

Chart3- Variation of C/C0 ratio with time for HRC at various pH 

 

3.2 Determination of the Optimal Temperature  

Keeping the pH of the samples fixed at the value of 9, some 

experiments are carried out to determine the optimal 

temperature. Charts 4, 5 and 6 show the variation C/C0 with 

time for GAC, PAC and HRC for various temperatures, 

respectively.  

 

 
 

Chart4- Variation of C/C0 with time for GAC at various 

temperatures 
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Chart5- Variation of C/C0 with time for PAC at various 

temperatures 

 

 
 

Chart6- Variation of C/C0 with time for HRC at various 

temperatures 

 

3.3 Comparison of the Performance of the Three 

Adsorbents 

Chart 7 shows the variation of C/C0 with time in the optimal 

operational conditions for various adsorbents.  

 

 
 

Chart 7- Variation of C/C0 with time at the optimal operating 

conditions for various adsorbents 

4. DETERMINATION OF ADSORPTION 

ISOTHERM EQUATIONS 

After determination of optimal conditions of adsorption for the 

adsorbents used in batch experiments, the adsorption isotherm 

is obtained for these conditions. In order to determine the 

adsorption isotherm equations, the equilibrate concentration of 

MTBE on active carbon (qeq) and equilibrate concentration of 

MTBE in liquid phase (Ceq) at various conditions are required. 

Ceq value is obtained by the data collected from the 

experiment as mentioned before. Then, the value of qeq is 

calculated from relation 1 [13] knowing the parameters of 

optimal conditions for each adsorbent.  Having the qeq and Ceq 

values, and using the linear form of Freundlich and Longmuir 

adsorption isotherm equations as shown in relations 2 [14] and 

3 [13], the constants of these adsorption isotherms could be 

obtained by plotting these linear equations for each adsorbent 

and determining the slope and ordinate of the plotted line in 

each case. 
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It can be observed that by conversion of Freundlich isotherm 

equation into a linear form and plotting the log(qeq ( versus 

log(Ceq), the slope of the line gives the n value, and the 

ordinate of the line gives log(K).  

 

Moreover, by conversion of Longmuir isotherm equation into 

a linear form and plotting the 1/qeq versus 1/Ceq, the slope of 

the line gives 1/Kq
°
 and the ordinate gives 1/q

°
. To achieve 

adsorption isotherm equations in this study, batch experiments 

are carried out for six solutions with various initial 

concentrations at optimal operational conditions. In all batch 

experiments, the weight of adsorbent in testing containers was 

3 g, and the volume of the solution was 1 liter.  

 

4.1 Granular Active Carbon (GAC) 

The parameters required for determination of adsorption 

isotherm equations namely qeq and Ceq were determined by 

carrying out batch experiments on six solutions with different 

MTBE initial concentrations in optimal operational conditions, 

and by using the adsorbent of GAC. These parameters are 

shown in Table 1. 
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Table1- Equilibrium data for MTBE adsorption at optimal 

operational conditions for GAC 

 

 
 

Using the data of Table 1 and equations 2 and 3, the linear 

forms related to Freundlich and Longmuir isotherms are 

plotted as illustrated in Chart 8 

 

 
 

(a) 

 

  
 

(b) 

 

Chart 8- the linear forms related to (a) Freundlich and (b) 

Longmuir isotherm for GAC at optimal operating conditions 

Using Chart 8, the constants of Freundlich and Longmuir 

adsorption isotherms coefficients can be obtained for the 

adsorption of MTBE on GAC. These values are presented in 

Table 2. 

 

Table 2- The constants of Freundlich and Longmuir 

adsorption isotherms coefficients for GAC 

 

 
 

In order to assess the accuracy of Freundlich and Longmuir 

adsorption isotherm equations for the GAC, the adsorption 

isotherm equation plotted by using some other obtained 

experimental data are compared with the adsorption isotherm 

equation plotted by the constants obtained from Table 2. 

These validity diagrams are shown in Chart 9. 

 

4-2- Powder Active Carbon (PAC) 

The parameters required for determination of adsorption 

isotherm equations namely qeq and Ceq were determined by 

carrying out batch experiments on six solutions with different 

MTBE initial concentrations in optimal operational conditions, 

and by using the adsorbent of PAC. These parameters are 

shown in Table 3. 

 

 
 

(a) 
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(b) 

 

Chart 9- Checking validity of (a) Freundlich and (b) 

Longmuir isotherm for PAC 

 

Table3- Equilibrium data for MTBE adsorption at optimal 

operational conditions for PAC 

 

 
 

Using the data of Table 3 and equations 2 and 3, the linear 

forms related to Freundlich and Longmuir isotherms are 

plotted as illustrated in Chart 10. 

 

 
 

(a) 

 

 
 

(b) 

 

Chart 10- the linear forms related to (a) Freundlich and (b) 

Longmuir isotherm for PAC at optimal operating conditions 

 

Using Chart 10, the constants of Freundlich and Longmuir 

adsorption isotherms coefficients can be obtained for the 

adsorption of MTBE on PAC. These values are presented in 

table 4. 

 

Table 4- The constants of Freundlich and Longmuir 

adsorption isotherms coefficients for PAC 

 

 
 

Assessment of the accuracy of Freundlich and Longmuir 

adsorption isotherm equations for the PAC is carried out by 

comparing the adsorption isotherm equation plotted by using 

some other obtained experimental data with the adsorption 

isotherm equation plotted by the constants obtained from 

Table4. These validity Diagrams are shown in Charts 11.  

 

 
 

(a) 
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(b) 

 

Chart 11- Checking validity of (a) Freundlich and (b) 

Longmuir isotherm for PAC 

 

4.3 Husk Rice Carbon (HRC) 

The parameters required for the determination of adsorption 

isotherm equations namely qeq and Ceq were determined by 

carrying out batch experiments on six solutions with different 

MTBE initial concentrations in optimal operational conditions, 

and by using the adsorbent of HRC. These parameters are 

shown in Table 5. 

 

Table5- Equilibrium data for MTBE adsorption at optimal 

operational conditions for HRC  

 

 
 

Using the data of Table 5 and equations 2 and 3, the linear 

forms related to Freundlich and Longmuir isotherms are 

plotted as illustrated in Chart 12. 

 

 
 

(a) 

 
 

(b) 

 

Chart 12- the linear forms related to (a) Freundlich and (b) 

Longmuir isotherm for HRC at optimal operating conditions 

 

Using Chart 12, the constants of Freundlich and Longmuir 

adsorption isotherms coefficients can be obtained for the 

adsorption of MTBE on HRC. These values are presented in 

table 6. 

 

Table 6- fixed values of Freundlich and Longmuir adsorption 

isotherms coefficients for HRC in batch experiments 

 

 
 

In order to assess the accuracy of Freundlich and Longmuir 

adsorption isotherm equations for the HRC, adsorption 

isotherm equation plotted by using some other obtained 

experimental data are compared with the adsorption isotherm 

equation plotted by the constants obtained from Table 6. 

These validity diagrams are shown in Chart 13. 

 

 
 

(a) 
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(b) 

 

Chart 13- Checking validity of (a) Freundlich and (b) 

Longmuir isotherm for HRC 

 

CONCLUSIONS 

Based on the data obtained for adsorption of MTBE on 

different adsorbents, the following points could be mentioned: 

A- The effect of the kind of adsorbent: All three adsorbents 

used in this research showed great potentials for the adsorption 

of MTBE. GAC shows a better performance in MTBE 

adsorption compared to other adsorbents used in these 

experiments. Application of natural and available adsorbent of 

HRC is also well-justified on economic terms, as it is really 

cheap, and it can be used at industrial scales.  
 
B- The effect of pH: The increase in the pH of the solution, 

results in the increase in MTBE adsorption. The reason can be 

justified by considering the equation of MTBE ionization in 

water as shown in relation 4, so that as the acidity decreases 

the OH
-
 ions concentration in the environment increases. 

 
 OHMTBEOHMTBE 2   (4)[10] 

 

Considering relation 4, the increase in OH
-
 ions concentration 

causes the balance equation of MTBE ionization in water to be 

inclined toward converting the MTBE
+
 ions to neutral MTBE 

molecules. This would result in the increase of neutral MTBE 

molecules concentration in the solution compared to the time 

when the acidity of the solution is higher. As the concentration 

of MTBE molecules in the solution increases, the adsorption 

rate of this substance also increases and, as a result, the MTBE 

concentration in the solution is decreased.  

 

C. The effect of temperature: The increase in the temperature 

results in the increase of MTBE adsorption rate. This can be 

justified considering the direct relation between the 

temperature and the molecular diffusion coefficient. The 

increase in the temperature would result in the increase in 

molecular diffusion coefficient, and this in turn results in the 

increase of the molecular diffusion rate of the soluble material 

into active carbon and, as a result, the increase in adsorption 

rate. 

 

D. Considering the accuracy assessment of Freundlich and 

Longmuir adsorption isotherm Diagrams for the three 

adsorbents, it can be observed that the error rate between the 

lab data and the data obtained from adsorption isotherm 

Diagrams is trivial and there is a quite sufficient conformity 

between them. 
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